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Abstract 

By using the Verlinde's formalism, we propose that the positive 
numerical factor, in which Klinkhamer states that it is necessary to 
define the fundamental length, can be associated to the parameter q 
of the Tsallis' nonextensive statistical mechanics. 
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1 Introduction 



The Newton constant G arises from the three fundamental constants 

gJ^, (1) 

where Ip is the Planck length, c is the velocity of light and h is the Planck 
constant. The Planck constant describes the role of the quantum matter 
while the Planck length probably governs the properties of the unknown 
quantum gravity. Klinkhamer[l] has suggested that the Planck length can 
be expressed in terms of more fundamental constants 



ll = fl\ (2) 

where / is a positive numerical factor associated, in principle, to the micro- 
scopic degrees of freedom on the holographic screen and the constant /, in 
which it has the dimension of length, regulates the quantum space time. Ac- 
cording to the Klinkhamer point of view, this fundamental length should be 
independent of the direct presence of matter or nongravitational fields. More- 
over, one believes that relation must be universal, i.e., it is, in principle, 
valid for any physical system. Therefore, nature should have three fundamen- 
tal independent constants that are c and /. In the same line, Sahlmann[2] 
has proposed two different microscopic structures for the holographic screen 
where he has obtained specific values for / and /. Shao and Ma[5] have also 
suggested that the Newtonian constant G does not play a fundamental role 
any more and a new fundamental length must be introduced where its value 
can be measure by Lorentz violation experiments. 
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In this work, we apply a nonextensive statistical mechanics formalism [1] 
in the Verlinde's framework of gravitational theory [5]. We will see that it is 
possible to associate the positive numerical factor / with the parameter q of 
the Tsallis' nonextensive thermostatistics and, consequently, to disentangle 
/ and / from the product, Eq.([2]). This approach is an extension of the 
standard Boltzmann-Gibbs statistical mechanics and has been successfully 
applied in many different physical systems. Among them we can mention 
Levy-type anomalous diffusion [6j, turbulence in a pure-electron plasma [7] 
and gravitational systems[8]. It is worth mentioning that the articles of the 
last reference state that the gravitational interactions (i.e., systems endowed 
with long range interactions) lead to a nonextensive statistical mechanics. 



2 Brief Review of Verlinde's Formalism 

The connection between the Newton constant G and the fundamental con- 
stants can be made by a formalism proposed by E. Verlinde in which the 
gravitational acceleration is obtained by using, basically, the holographic 
principle and the equipartition law of energy. This is an important result 
and, at moment, many authors have working actively on this subject^. It is 
opportune to comment here that there is, at moment, an interesting debate 
about the validity of a particular entropy's formula proposed by Verlinde 
in the context of the neutron quantum states in the Earth's gravitational 
field[TOl [11]. However, in our approach we use a well accepted procedure 
which was initially developed by T. Padmanabhan[T2j. The Verlinde's pro- 
posal considers a spherical surface as the holographic screen, with a particle 
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of mass M positioned in its center. A holographic screen can be thought as 
a storage device for information. The number of bits (The term bit signifies 
the smallest unit of information in the holographic screen) is assumed to be 
proportional to the area A of the holographic screen 



^ = 72 ' (3) 

where A = Aur'^ and Ip = is the Planck length. In the Verlinde's 

formalism we assume that the total energy of the bits on the screen is given 
by the equipartition law of energy 



E = ^NkBT. (4) 

It is important to comment here that the traditional equipartition theorem, 
Eq.dl]), is derived from the usual Boltzmann-Gibbs thermostatistics. In a 
nonextensive thermostatistics scenario, the equipartition law of energy will be 
modified in a sense that a nonextensive parameter q will be introduced in its 
expression. Considering that the energy of the particle inside the holographic 
screen is equally divided on all bits then we can write the equation 



Mc^ = - NkeT. 
2 

Using Eq.(l3]), and the Unruh temperature formula[13] 



(5) 



we are in a position to derive the famous (absolute) gravitational acceleration 
formula 



Ec^ M 



'p 



a = 




(7) 



We can observe that from Eq.Q the Newton constant G is just written in 
terms of the fundamental constants, Eq.(IT]). Using Eq.([2]), we can write the 
Newton constant as 



f l^) is fixed by a precise value of G measured by experimental techniques 
that is, in a concise form, G = 6.6743(7) x 10^^^m^kg~^s~'^^^. 

3 The Nonextensive Equipartition Theorem 
and Its Application in the Verhnde's For- 
malism 

An important formulation of a nonextensive Boltzmann-Gibbs thermostatis- 
tics has been proposed by Tsallis in which the entropy is given by the formula 



G 



(8) 



n 



The Planck length Ip = 1.6162 x 10 ^^m (and consequently the product 1^ 



q-1 



w 



Sq = ks 



(9) 



i=l 
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where Pi is the probabihty of the system to be in a microstate, W is the total 
number of configurations and g is a real parameter quantifying the degree 
of nonextensivity. The definition of entropy iQ has as motivation multifrac- 
tals systems and possesses the usual properties of positivity, equiprobability, 
concavity and irreversibility. It is important to note that Tsallis' formal- 
ism contains the Boltzmann-Gibbs statistics as a particular case in the limit 
g — > 1 where the usual additivity of entropy is recovered. Plastino and 
Lima|15j by using a generalized velocity distribution for free particles [ 



W) = B, 



1/1-9 



(10) 



2kBT 

where Bq is a g-dependent normalization constant, m and f is a mass and ve- 
locity of the particle, respectively, have derived a nonextensive equipartition 
law of energy whose expression is given by 



E = NkeT, (11) 

5-3g ' ^ ^ 

where the range ofgis0<g<5/3. For q = 5/3 (critical value) the expres- 
sion of the equipartition law of energy, Eq. flTTl) . diverges. It is easy to observe 
that for q = 1, the classical equipartition theorem for each microscopic de- 
grees of freedom is retrieved. It is important to mention that the virial 
theorem is not modified in this nonextensive thermostatistics formalism [17]. 

To investigate the g-dependence of the numerical factor /, we consider 
the generalized equipartition theorem, Eq. ffTT]) . within the context of the 
Verlinde's formalism, i.e. the bits now obey a nonextensive statistical me- 
chanics. The Verlinde's formalism is notable since it allows to infer changes in 
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the physical properties of a particular gravitational system when the equipar- 
tition law of energy is modified under determined rules. We first assume that 
the number of bits is 



N=j^, (12) 

where A is the area of the holographic screen {A = 47rr^) and I is the funda- 
mental length. Thus, considering a particle (or a spherical mass distribution) 
with mass M and energy, E = Mc^, placed in the center of the holographic 
screen and combining Eqs.(l6]), ( fTT]) and (fT2i) . we find 



5 - 3g Pc^ M 
a = — — 



72^3 



G^, (13) 



with the Newton constant G being recognized as 



We would like to remark here that in Eq. fll2p we have considered the funda- 
mental length / as the space time unit instead of the Planck length Ip. Using 
Eqs.([T]) and f|T4l) we can establish a relation for the square of the Planck 
length as 



39 ,2 



(15) 



Comparing Eq.f llSp with ([2]), we can identify the positive numerical factor / 
as 



5 — 3(7 , , 

/ = (16) 

From Eq. (fT6|) . we can note that the value of the positive numerical factor / 
is controlled by the nonextensive parameter q of the bits on the holographic 
screen. For example, for g = 1 we have / = 1 and, consequently, / = Ip. 
For q = 5/3 we have / = and, consequently, I diverges (/ — )■ oo). It is 
important to stress that although / varies with the nonextensive parameter 
q, Eq.(16), the fundamental length / also varies with q in the sense that the 
product, Eq.(2), remains constant (as we said in the last part of Section 2, 
the Planck length Ip is a fixed value). Therefore, the fact that / may depend 
on q does not contradict the hypothesis that Eq. (2) is a universal relation as 
mentioned in the introduction. 

This last result allows us to imagine a curious hypothetical case that is 
when a nonextensive physical system has the value of the parameter q ap- 
proaching to 5/3 and consequently the fundamental length becoming large 
comparable to the usual values of our real world. In this way, as the funda- 
mental length, in its proper meaning, drives the quantum structure of space 
time, then we hope that this hypothetical system should exhibit quantum 
space time effects in a macroscopic domain or in a low energy regime. This 
is an amazing result and the search of such possible gravitational systems 
can be an important task. 

It is important to mention here that Cantcheff and NogalesjTBJ have writ- 
ten the Tsallis' entropy in the form 
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r?-! - 1 

s, = kB — , (17) 

q — I 

where T is proportional to the volume, T ^ V. Then for g = | the Tsallis' 
entropy f|T7|) scales as the area which is just the expression for the black 
hole area entropy law. Consequently, due to the nonextensivity of entropy 
f lT7|) . we have the emergence of a holographic screen which is a fundamental 
component in the Verlinde's formalism. Also, according to the hypothetical 
quantum gravity, black holes must exhibit macroscopic quantum phenom- 
ena. Therefore, the equality between the value of q for the Tsallis'entropy 
in the area scaling behavior and our result in the Verlinde's formalism for 
macroscopic quantum regime indicates that bits may follow a nonextensive 
statistical mechanics. A detailed discussion about nonextensivity and en- 
tropy area law can also be found in [TU] . 
Bringing Eq.( IT5|) in the form 



1 = lJ ^ , (18) 

we then plot in figure 1 the ratio l/lp as a function of the nonextensive 
parameter q. We can observe that for g < 1 we have / < Ip and for g > 1 we 
have I > Ip. 

It is interesting to point out the resemblance between Eq. ffTSj) and the 
formula for the nonextensive critical wavelength, Ac , in the Jeans' criterion 
for gravitational instability in the self-gravitating systems. In Eq. flTS]) . the 
Planck length, Ip , corresponds to the Jeans' length, Xj , and the fundamental 
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length, / , corresponds to the critical wavelength, Ac • For more detail, see, 
for example, reference [20] . 

By using the holographic principle, i.e. the nonextensivity of the system 
being mapped on the bits of the holographic screen, we can assume that, 
at first, a particular gravitational system and the corresponding bits on the 
holographic screen both have the same nonextensive parameter q. Therefore, 
gravitational systems or cosmological models can, in principle, help us in 
determining the g-parameter. For example, from the cosmic background 
radiation data obtained by the Explorer Satellite, Tsallis, Sa Barreto and 
Loh|21] estimated a bound for the nonextensive g-parameter. They found an 
upper limit for q as 

|g- 1| < 3.6 X 10"^ (19) 
To calculate a value for / we write Eq. lITB]) in the form 

/ = l-^(?-l)- (20) 
Using Eq. fl2U]) we obtain, with the error determined by Eq.f lTI?]) . a bound for 
/ as 

I/- 1| < 5.4 X 10"^ (21) 

in which specifies a possible value for / that is / ~ 1 and consequently / ~ Ip. 
Here, it is interesting to comment that Tirnakli and Torres[22j, by using early 
universe test, found a bound for g as |g — 1| < 4.01 x 10^'^ , which is certainly 
close to the result, Eq. flT^ . 
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Figure 1 : The ratio l/lpis shown as a function of the nonextensive parameter 
q. For g = 1 we have / = Ip and for g = 5/3 the fundamental length 
diverges (Z — oo). 

4 Conclusions 

We have applied a nonextensive equipartition law of energy in the Verlinde's 
formalism. As an important result, we have associated the numerical posi- 
tive factor / with the nonextensive parameter g, Eq.f ll6p . In this way, the 
parameter q that appears in the Tsallis' statistics would provide a connection 
between the Planck length with the fundamental length. In particular, we 
have shown that the g-dependence of the fundamental length, Eq. (fT5|) . and 
the numerical positive factor, Eq.( !T6|) . is, in principle, physically acceptable 
in the interval < g < 5/3 where the nonextensive equipartition theorem is 
valid. We would like to point out that our approach can answer the question 
made by Klinkhamer about the possibility to design an experiment which de- 



ll 



termines the value of the fundamental length. From our perspective, we can 
say that the experiment already exists (see, for example, references [21], [22] , 
[23] , [21] and [25] ) and consists of measuring the value of the nonextensive 
parameter q from experimental data. 

It has been pointed out [201 [20] that the observed velocity distribution of 
galaxy clusters deviates from Maxwellian distribution and can be fitted well 
by the Tsallis' nonextensive distribution with q = 0.23. If the values of q de- 
viate from unity for different physical systems then our model predicts that 
the positive numerical factor and the fundamental length will depend on the 
degree of nonextensivity of the bits of a particular gravitational system. We 
can also mention that stellar polytropes|27j and black holes [21] are known 
examples of systems with q possibly deviating from unity. By invoking the 
holographic principle, we can possibly avoid unphysical results e.g. an iso- 
lated particle (a system without any interaction) with a finite mass and q 
near 5/3 consequently having the fundamental length of the space time close 
to infinity. Therefore, it is important to observe that, as a consequence of 
our model, the properties of the quantum space time will also depend on 
the degree of nonextensivity of the bits of a particular gravitational system. 
As a perspective for future studies, it would be interesting to investigate the 
physical consequences of the adoption of a nonextensive statistical mechanics 
for the bits, not only in the fundamental length concept but, as an example, 
in the cosmological context. 
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